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This  aemor-ar'.duiD  describes  briefly  the  laboratoiy  tests  conducted  to 


ing  er^uijsaent  ■ reference  Lorad  block  diegraia,  March  196I) . These  tests 


wre  by  no  means  comprehensive  or  exhaustive,  but  did  suffice  to  demon 


Qtrsto  the  processing  gain  of  the  system  for  sewral  5.ndei)endont.  but 


of  the  iiiitlal  questions  which  ■^■jere  radsed  concerning  the  eignal  process 


attributed  to  particular  portions  of  the  circuitry  included  in  the  teati 


This  meffioran'iuiE  should  not  be  conctnied  as  o reijort,  as  its  basic  function 


is  to  provide,  for  engineering  purposes,  information  associated  with  the 


of  the  work  done  un-dor  AS  OaiOl",-?,  S“F001  03  02,  Task  8OI6  (BE£.  SL-3) 


BACKGJWUl.D 


The  centreT'.  portion  of  the  Lnrad  signal  processing  system  prior  to 
conqniter  dsta  processing  is  a ttHtiplex  Deltio  Correlator^ >2  \>uiit  hy 
Cos^ter  Control  Co.,  Inc.,  Prsmrnfdiam,  Macsachusetts . The  vinit  supplies 


Harvard  Ikilversity  Acoustics  Research  Laboretory  TO-37>  TEE  CELTIC 
CORHELATOP.  by  V.  C.  Anderson,  5 January  1956 

Instruction  Manual  for  a l«ultipdex  Deltic  Correlator,  Vol.  1,  Cosapiter 
Control  Coopeuiy,  Inc. 
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polarity-colncidface  cross-correlation  o.t'  sixteen  simulcaneouB  input 
sigQa3.B  liith  eight  stored  reference  signals  in  all  posaihle  combinatlonc 
once  every  JOOO  laicrosecoads  • Sach  input  signal  eufid  each  reference  signal 
Is  clipped,  translated  in  frequency,  filoeied,  clipped  a^aln,  saiiroled,  and 
then  time-coiipxeBsed  prior  to  being  applied  to  ^ three  phase  correlator. 
The  sixteen  tine-coEpreosed  input  signals  are  supiJlied  sequentially  for 
313  fflicroseconds  each  to  the  signal  tenuinol  of  eight  thv'ee  phase  corre- 
lators. The  entire  system,  including  input  bandpasc  filters  and  outp-at 
comb  filters,  is  optimally  de3igr.ed  for  a 100  cycle  per  second  bandvi-dth. 
The  Celtic  sampling  rate  is  5OC8  ralcroascouda  and  the  time  coriipresPlOD 
factor  is  l‘iO?i<-. 


THEOaKTICAL  PROCESSTHG  GATH 

The  signal  enqiloynd  by  Lorad  is  pseudo-noise  generated  by  a digital 
shift  register  driven  by  a precision  oocilj.ator.  The  recei\nsd  signal  is 
processed  by  cross -corr’elatlng  It  with  a stored  replica  (reference)  of  the 
trsnamltted  pvilse . A signel  appears  at  the  conclator  output  when  the 
received  signal  "metches"  the  stored  replica.  The  output  signal -to-noise 
ratio  for  small  values  of  slgnaJ.-to-noise  ratio  at  the  Input  is  given  in 
the  following  equation^ 

(S/H)out  “ (S/K)in  W a) 

where 

(S/n)q^^.  - ratio  of  penh  signol  power  to  noise  power  at  correlator 

output . 


3.  Harvard  University  Acoustics  Iteseorch  laboratory,  TM-27,  Correlators 
for  Signal  Reception,  by  J.  J.  Parati,  Jr,  and  R.  Hills,  Jr.,  I5  Sept. 

1952 


CONTTIlMTlAL. 


) 

.S/N)xii  = iiitio  of  signal  povrr  to  aiise  power  et  corr«.i.atcr  input 
T *»  J.ntegration  tints  of  correlator  output  filter 
f a fcandwidth  of  sifTtal  at  correlator  input 
The  ;oej.'amste.rs  chosen  for  the  d-svelopjaentol  Lorad  aquipnent  ore: 

1’  = 313  microoeconds;  Af  >=>  X.^OS^i-  mfigacycleo 
Substituting  these  in  ecuation  5 1^ , 

•S/H)out  = (S/NjiQ'.313)  .l-50£4) 


or 


iS/N^out 

Ws)in 


« 27  db 


theoix^tical  procasaljig  gala. 


Thus,  fox  an  input  oignaL-to-noise  la.tio  of  -27  db,  the  peak  slgaal/rcn 
noise  ratio  at  the  correlator  output  will,  be  unity.  The  theoretical 
processing  gain  response  curve  is  plotted  In  fig.  1. 

LABOBATJHf  PF50CESSIKG  GAIN  KKflStli^a^aaTS 

Laboratory  ffica-sureiBents  were  made  tc  determine  processing  gain  of 
the  Lorad  signal  processing  equlpcent,  ^ere 

(?roceB8lagGain)i,easursd  - ' db  - db 

meas\irett  , noioe/Q^^  \ ras  noise/ * 


The  initial  tests  were  conducted  in  September  19^1 , prior  to  shipboard 
installation  of  the  Lcrad  equipiRent  on  the  USS  MT.A.,  end  Included  the 
Inpixt  transmit  'receive  bandpass  flltere,  Multiplex  Deltic  Correlator,  comb 
filters,  priroaxy  OR  and  secondary  OR  circuitry.  The  test  setup  is  aho'^m 
in  fig.  2.  The  input  signal,  was  pseudo-noise  from  one  of  the  eight  range 
rate  reference  generators  i'TP23-28,  in  Processor  Cabinet  Jib.  2),  clejiending 
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cu  -the  reference  cbaisnel  to  be  teoted.  Wds  oigoal  was  mixed  with  band 
limited  tbe-rinal  noise  frcm  a General  Endic  Eoise  Goners  tor,  btodel  1390B, 
and  fed  into  the  selected  signal  channel  to  be  tested  via  its  input 
bandpass  filtea  - The  bandpass  filter  input  was  made  E.vailab3.e  through  a 
beem  test  box  permanently  located  on  the  filter  cabinet.  Noise  of  suffi- 
cient amplitude  to  control  the  clipper  amtplifiero  in  the  Iteltic  cabinet 
was  fed  to  tJre  other  I5  signal  ohanne}E  \rla  their  snsociuted  input  bandpass 
filter’s  to  simulate  sea  noise  conditions  ond  to  eliminate  anj’  cross-talk 
effects  that  might  influence  tho  processing  gain  measurementa . Inpit 
eignal  and  noiec  levels  were  meenursd  at  the  clipper  amplifier  Jjsput 
(bandpass  filter  output)  in  the  Deltic  cabinet  using  a HP  ^00-C  vacuum 
tube  voltmeter  to  monitor  the  clipper  amplifier  aide  of  a low  wjss  SC 
filter  vas  Installed  on  the  clipper  cards  to  reduce  system  noise, 

(fomimrl  IctcI  of  the  injected  thenaal  noise  wtis  30  above  systesu  noise 
at  this  point.  This  procedure  was  repeated  several  times  to  include 
different  combinations  of  signal,  and  reference  channels  in  the  tests. 

The  outpi’.t  noise  level  vac  measured  at  the  center  tooth  of  the  comb 
filter  asscciated  with  the  reference  charnel  being  tested.  This  level 
was  iB»asu.rc-*d  during  periods  when  no  correlation  functions  existed  using 
a SP^OO-})  vBC’Jum  tube  TOltmatcr.  To  prevent  capacitive  loading  of  the 
1.5  megacycle  «’,lgnal  at  this  point,  a 40  db  resistive  pad  was  iTistalled  on 
the  filter  tooth  and  a short  coaxieO.  lead  vas  brought  off  to  the  jueter. 

To  provide  display  persistence  of  peak  output  signal,  a Hughe’S 
Memoscope  was  used  for  moni.toring  purposes.  Because  of  the  bandwidth 
llDltatj.ons  of  the  Kc-ioscope,  the  output  sl^ial  vas  measured  at  the  dc 
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Qn5>lif?.er  output  i. TP-1,  Procesnor  No.  1)  following  the  secondary  OR 
circuit  and  wao  referred  hack  to  the  ccnrib  filter  tooth  hy  means  of  a 
calibration  curve  (fi.g.  3)  relating  peak  signal  amplitudt?  at  the  dc 
amplifier  output  to  peak  signal  amplitude  at  the  canb  filter  output. 

InitialJly,  22  consecutive  correlation  samples  on  each  of  the  thr^^e 
input  f.requencies  were  recorded  for  a given  input  sigaal-to-noise 
ratio.  From  these  results,  it  was  deteiaiined  that  If  only  12  consecutive 
sangples  on  each  of  the  three  input  freguancies  vere  taken,  a oaxjjnum 
delation  of  0.2  db  in  the  measured  avorage  output  signal  level  resiU-ted. 
To  minimize  the  time  required  for  running  oTT  of  tlie  tests  desired 
during  a 3.imited  time  schedule,  it  vao  decided  that  a total  of  36  con- 
secutive ssisples  (12  for  each  frequency  band)  would  be  sufficient  for 
determining  the  processing  gain  of  a channel  at  a given  input  signal -to- 
ne ise  re.tio. 

Due  to  the  combined  backgtound  noise  peaks  frem  all  eig^t  of  the 
reference  channels  at  the  secondary  OR  circuit  output,  the  minlnum  input 
signal -to-coise  ratio  for  50?^  detectability  of  the  correlation  function 
at  the  output  monitor  was  -4  db.  Fbr  all  correlation  functions  not  seen 
at  the  output  monitor,  the  signal  level  was  recorded  as  being  equal  to 
one-half  of  the  average  rectified  level  because  of  the  probability  that 
the  correlation  functj.on,  not  detectible  at  this  point,  could  have  an 
amplitude  of  zero  or  an  amplitude  equal  to  the  peak  noise  background. 

PTora  the  test  results,  tabulated  in  Table  1,  the  avsrege  processing 
gain  of  the  system  wao  about  21  db.  In  soine  of  the  test  configurations 
for  on  Input  slgnal-to-uoise  ratio  of  -4  dh,  sufficient  correlation 
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Tj^E  1-  Pi-ocessing  Gain 

. t>orme.i  operation) 


* S » aigoal  channel  (1  of  l6  beazBs) 

R » reference  channel  (1  of  8 range  rates) 

note  1;  for  no  noise  in 
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functioiiB  were  not  detectlbie  to  ccanpute  processing  gain.  Because  of 
tbe  time  e].ement  invol\’ed.,  all  test  cciifiguratlons  were  not  ran  for 
the  condition  where  the  input  signal-to-aolee  ratio  was  -2  db.  One  can 
best  understand  the  reason  for  an  increase  in  processing  gain  ee  the 
Input  signal -tc-nolse  deci^ases  by  observing  figure  1^  where  the 
theoretical  processing  gain  response  cutv'b  hec  been  plotted.  Hera  it 
is  seen  eis  the  input  signal -to -noise  ratio  decreases  the  system  is 
operating  on  the  linear  portion  of  the  response  cujr/e. 

From  the  test  results  and  equation  1,  there  is  a 6 db  negative  devia- 
tion from  the  majclnuan  theoretical  processing  gain . In  an  attenrft  to 
dftteriBine  where  the  losses  occxirred  in  the  system,  several  additional 
testa  were  performed.  One  of  these  tests  vati  to  repeat  the  abo’/e 
procediir®  but  using  tbe  permanently  installed  30  cps  input  bandpass 
filters  in  reference  channel  Ho-  instead  of  tbe  normally  used  100  cps 
bandpass  filters . Fran  the  limited  data  obtained  Table  2' , the 
results  wejr  inconclusive.  Theoretically,  for  the  30  cps  case,  the 
process! ig  gain  should  decrease  by  a factor  eq\ial  to  the  ratio  of  the 
bandwidth?  less  tbe  increase  In  gain  due  to  a higher  saiqpling  rate; 
however,  the  results  indicated  there  was  no  difference  between  the  two 
operating  conditions. 

To  eliminate  the  skirt  effects  of  the  input  bandpass  filters  in 
the  system,  another  test  wes  performed,  whereby  pre-filtering  by  means 
of  a 8teep-8^ded  101X)~1100  cps  bandpass  filter  was  used  In  signal 
channel  no.  3 scd.  reference  chantt'?!  no.  vfig*  **)•  The  output  of  the 
special  filter  was  then  heterodyned  up  to  the  frequency  bend  A,  B,  or 


7 


CONFriffiafTTAL 


COI^TtientIAI, 


TABLE  2.  ProceBBlng  Gain 

jlOO  cpr-  can.dwidth  versus  30  cpn  bandwidth  using  signal, 
channpl  3 and  reference  channel  5) 


S/Win 

db 

Procesying  Gain  | 

db  ! 

» 100  cps 

BW  = 30  cps  ! 

+4 

14.8 

15. “j 

0 

17.9 

18.0 

-2 

10. 1 

19.0 

•ii 

21.0 

20.9 

note  1 

20.6 

20.2 

note  1:  lS/R)oyt  for  no  noise  in. 
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C,  and  fed  into  the  nonoally  used  'bandpans  filter's  in  the  tvo  channels 
whej«  the  unwanted  side  band  was  rejected.  The  .results  of  this  test 
are  shown  in  table  3*  An  additional  test  to  eliminate  the  input  band- 
pass filters  completely  vas  performed  using  the  scheme  showr;  in  fig.  5. 
The  bendpasn  :flltera  and  i'requency  translation  circuitry  were  bypassed 
and  a 50  cps  tonal  signal  van  mixed  wr).th  pre-fiitered  thenisal  noise 
and  fed  directly  into  the  cllpijer  BTjplif^.ers  preceding  the  Deltic 
storage  lines  Note:  Initially  aa  alternative  method  ves  suggested 
whereby  the  reference  Deltic  was  stored  with  all  zeroes  and  cross- 
correlated  with  a 100  cps  tonal  input  signal  on  the  corresponding 
signal.  Deltic.  However,  one  does  not  get  the  true  picture  in  this  case 
due  to  the  superposition  of  the  two  sidebands  at  the  comb  filter  which 
results  in  a voltage  gain  of  6 db) . The  results  of  these  uests  indi- 
cated theie  was  negligible  loss  associated  with  the  input  bandjxese 
fllterr.. 

IXiring  a two  week  period  :!n  January  I96?.,  in  which  the  USS  BAfA 
was  tied  up  at  the  liffiT.  pier,  a series  of  shipboard  laboratory  tests 
was  perfoxijw  d to  determine  the  procceeing  gain  of  th«  aaiBe  Lorad 
signal,  processing  equipaaent,  excluding  any  effecce  of  the  primary  OR 
and  secondaiy  OR  circuitry  duriaj’  the  meoAuremente . These  rests 
wore  cond.ucted  to  verify  previoxip  repults,  isolate  loesee,  and  to 
obtain  a p,roc«»s3ing  gain  figure  for  a lower  input  signal -to- noise 
ratio.  ^ Bypassing  the  OR  circuitry  decreeses  the  number  of  bacltgroujid 
noise  realto  and  allows  detection  of  the  correlation  function  for  omal  ler 
values  of  input  signal -to-nolse  ratio).  Tf"“^hnlque«  used  in  the  InltliJ 
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T/BLE  3*  ProccBsitig  Gain 
V lTef:lltsrod  signal  vernTos  noraal  bandpaao  fllterr- 
using  eignaJ.  channel  3 reference  channel  *>> 


Wote  1;  for  no  noise  in 


r'oinnD?.BT'"AL- 


1 S/H)la 
dh 


Processing  Gain 
db 


Pre*flUer 


Moroal 


note  1 


i 


tests  were  lepeated  here  for  mixing  nigml  and  noise  end  feeclng  it 
into  the  system.  T'eause  of  the  pmcessing  gain  unifoimity  obtained 
for  \'ariou8  oambinations  of  and  reference  channels  in  the 

initial  tests,  and  time  schedule  limitations,  only  slgnaJ  ch/ince.l 
no.  3 reference  channel  no.  were  used  in  these  tests.  All  out- 
put ipeasurements  were  made  at  the  center  tooth  of  the  comb  fil.ter. 

A buffer  amplifier,  fig.  6,  pro'/ldln«  proper  termination  of  the  comb 
filter  tooth  and  isolation  to  prevent  loading  of  tte'  1.5  tDegacycle 
signaD  at  this  point  war-  i netallf*d  on  the  filter  output  terclnal . To 
provide  disp-lay  persistence  of  the  correlation  function  for  measure- 
ment purposes,  the  Memoecope  '-pis  used  for  monitoring  the  peak  output 
signed.  Because  of  the  band’.d.dth  limitations  of  the  Mercscope,  an 
envelope  detector  was  required  to  detect  the  3 kilocycJe  per  second 
correlation  function.  Necessary  precautions  were  taken  to  insure  the 
correlation  function  was  centered  in  the  filter  tooth  17)  being 
njonitored.  A response  curve  vae  run  on  the  peak  detector  circuitry 
to  detemine  its  loss  10.3  volts  peak)  and  this  result  was  added  to 
the  peedt  output  signal  level. 

As  in  the  previous  tests,  pre -filtered  themal  noise  of  suffi.cient 
amplitude  to  control  the  clipper  amplifiers  in  the  Deltlc  was  fed  to 
the  15  input  signal  channels  not  tinder  test.  Once  the  test  comnaerced, 
consecutive  correlation  function,  amplitudes  were  .recorded.  The  total 
number  of  sampicB  taken  at  a given  input  signaJ.-to-noi8e  ratio  was  36; 
12  for  each  of  the  three  frequency  bands . Because  of  the  probability 
that  the  sigTial  mitsed  could  equal  zero  volt*  or  he  equal  to  the  peak 
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noist  ‘background,  al  l correlation  functlona  oot  <3etected  were  recorded 
as  being  equal  to  one -half  of  the  averagp  rectified  lewl  at  the  output 
monitor.  'This  series  of  tests  was  d5.vided  into  fcnar  phases  and  the 
iBeaeured  processing  gain  '.•ei'sus  input  signal -to-noise  ratios  are  shown 
in  table 

Passe  1,  The  pseudo-noise  signal  was  lal.wid  with  thermal  noise  and 
fed  into  input  signal  channel  no.  3 vIe.  its  input  bandpass  filter.  'Phe 
block  diagram  of  the  test  setup  for  phases  1 and  2 is  shown  in  figure 

Phatio  2.  To  deterotine  if  there  was  processing  loss  associated  with 
the  multiplexlag  portion  of  the  Deltic,  the  teste  of  phase  1 were  re- 
peated with  the  atultlple-fing  clrcvdtry  disabled  in  such  a manner  that 
only  signal,  input  cnonnel  no.  3 ws  operative. 

Phase  3»  la  this  test,  both  the  multiplexing  and  the  frequency  trans- 
lation circuitry  in  the  system  was  disabled.  A 50  cpp  slrrusoidal  signal 
from  a QR  Interpolation  Oscillator,  type  U07-A,  was  gated  directly  Into 
reference  Deltic  storage  line  no.  5 v1,a  its  clipper  emplifiei’.  The  Bsme 
50  cps  tonal  signal  was  mixed  with  thennal  noise  and  fed  to  the  clipper 
ffliqfllfler  which  gates  information  directly  into  signal  Deltic  storage 
line  no.  3 (fig*  8).  The  frequency  of  the  osclJ-lator  was  adjusted  to 
Insure  that  the  correlator  output  signal  came  through  the  center  of  tbe 
ccob  filter  tooth  that  wan  monitored.  To  nie.ssare  the  output  noise  level 
at  the  ccmb  filter  tooth,  the  tonal  signal  was  turned  off.  The  same 
output  noise  level  was  obtained  by  changing  the  oscillator  frequency  to 
shift  the  tonal  signal,  off  the  monitored  filter  tooth.  Due  to  the 
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Pbaee  1-  Normal  Operation 

PhtiPe  2.  No  lial-tlplexlng 

PhoFs-?  3.  No  MnltlpD-eJolng,  No  Trarijiat.ioc 

Phat'e  4 - No  Traiu'lation 
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difficulty  associated  with  centeidLng  the  tonal  olgnal  in  the  tooth,  the 
former  method  was  used  throughout  the  test  for  measuring  the  output 
noise  level . 

Phase  k:  The  Deltic  mul.tipiexing  circuitry  var.  enabled  for  normal 
operation  (sequential,  sampling  of  the  l6  signal  channels).  The  frequency 
translation  remained  disabled  and  the  tests  of  phase  3 vjere  repeated. 

Also  shown  In  table  h,  for  comparative  purposes,  are  the  resiilts  of 
the  Initial  test  for  signal  channel  no.  3 reference  channel  no. 
where  the  signal  was  measured  at  the  OR  circuit  output  and  referred  hack 
to  the  comb  filter.  These  results  are  Included  In  the  computations  of  the 
nseac  processing  gain  shown  in  the  table. 

RESHTS 

In  all  of  the  test  phases,  the  minimum  input  signeLL-to-noise  ratio 
for  detectlbility  was  -8  db  and  the  measured  processing  gain  was 
about  21  db.  Processing  gain  was  not  computed  where  the  input  slgnal-to- 
Dolse  ratio  was  -8  db  because  the  amplitude  of  the  correlation  function 
could  not  be  measured  accurately  for  this  test  condition.  Deviations  from 
the  mean  processing  gain  of  21  db  can  be  partly  attributed  to  some  drift 
in  the  Memoscope  and  interpretation  of  the  mean  output  noise  level  due  to 
the  damping  factor  of  the  vacuiso  tube  voltmeter  used  in  the  teats.  The 
maximum  deviation  of  + 1.2  db  can  be  attributed  to  measurement  error,  which 
is  rot  unreasonable  for  test  conditions  of  this  nature.  The  increase  In 
signal  processing  gain  as  input  signal -to-uolse  ratio  decreases  can  best  be 
understood  by  observing  Tig.  1 where  the  mean  processing  gain  response 
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cvii"ve  is  plotted  fron  the  data  tabulated  in  table  4.  Here  one  realizee 
that  as  input  signal -to-noise  ratio  decreases  the  oystrai  is  operating 
on  the  linear  portion  of  the  responce  curve.  The  measured  recognition 
differential^  (output  signal -to-noise  ratio  for  detectability)  was 
13  db.  Theoretically,  for  small  values  of  input  signal -to-noise  ratio, 
the  processing  gain  at  the  comb  filter  output  vould  be  27  db;  of  course, 
this  figure  cannot  bs  ecbleTCd  due  to  system  losses. With  Independent, 
but  similar,  setups  for  mixing  end  measuring  input  signal  and  noise, 
ttere  •was  no  significant  difference  between  the  signal,  processing  gain 
obtained  in  the  September  I96I  end  the  Jsinuary  I962  tests. 

CORaUSlOHS; 

1.  The  measured  signal  procesring  gain  of  the  present  Lorad  signal  pro- 
cessing equipment,  excluding  the  effects  of  the  OR  cirexiitry,  is  21  db, 
which  is  6 db  less  than  the  theoratical  figure  of  2?  db.  In  discussing 
this  loss  with  others  in  the  fj.eld,  it  appears  that  a large  part  of  the 
6 db  deviation  from  the  theoretical  naxiimm  processing  gain  can  be 
attributed  to  the  combined  losses  of  signal  clipping  and  sampling  rate. 

The  thooretical  calculations  of  the  individual  losses  cssoclated  with 
clipping  and  sampling  do  not  approach  6 db;  however,  in  tests  performed 
by  Code  23^4  on  similar  signal  processing  equipment,  using  polarity- 
coincidence  cross-correlation  techniques  and  having  a theoretical  processing 

4.  A Summary  of  Unde-.n.’ater  Acoustical  Data,  Part  II.T,  "Recognition 
Differential",  Urich  and  Vyree,  OUR,  December  19^*3 
Faran  and  El.lis,  op.  clt. 

6.  Anderson,  op.  clt. 
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gain  of  27  db,  a 3 db  increase  in  the  measured  processing  gain  reou3.ted 
when  the  sampliag  rate  was  doubled.  Prior  to  doubling  the  sampling  rate, 
a measured  processing  gain  of  21  db  too  obtained. 

2.  The  measured  recognition  diffei*ential  when  the  signal  is  viewed  at 
the  comb  filter  output  is  13  db,  corresponding  to  an  input  signal -to- 
noise  ratio  of  -8  db.  Although  no  attempt  was  made  to  determine  the 
fa3.6e  alarm  rate  in  the  tests  conducted,  it  was  very  low. 

3.  There  are  no  measurable  losses  associated  with  the  system  input  band- 
pass filters,  multiplex  unit,  or  the  frequency  translation  circuitry. 

k.  There  is  a •'}•  db  loss  in  detection  capability  at  the  secondary  OR 
output  due  to  the  combined  bacisgrovsnd  noise  peaks  of  the  correlator's 
output.  This  means  that  the  useful  processing  gain  of  the  overall  signal 
processing  equijcent  is  21  - = 1?  db  at  the  secondary  OR  output. 

5 . The  minimum  usable  input  signal -to-noise  ratio  for  50^  detection  of 
the  signal  at  the  secondary  OR  output  is  db. 
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Figure  1.  Signal.  Processing  Gain  Response  Cvirve 
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Figure  2.  Tect  Setup  for  Jn'*tla3,  Signal  Proccoeing  Analyron 
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Figure  3,  CaJ.ibratioa  Curve  Relating  Peak  Signal  Amplitude  at  the 
Comb  Filter  Tooth  to  Peak  Signal  Aniiilitude  at  the  DC 
Amplifier  Output 
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Figure  ‘Pest  Setup  to  Ellcilnate  tlie  Input  Baadpasr.  Filters 
in  the  Processing  Gain  Analyses 
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